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Prolonged use of opioid analgesics for the correction of chronic pain has a toxic effect on the organism. Despite
a significant number of scientific reports on the effect of opioid drugs on the organs and systems of the body in
experimental studies, there is little data in the modern professional literature on the dynamics of changes in blood
parameters when using opioids in the early stages of correction during their withdrawal. The purpose of the study is
to establish indicators of coagulation hemostasis and the degree of blood oxygenation in the early stages of opioid
exposure during its withdrawal with subsequent correction.

Research material: 78 white, sexually mature outbred male rats weighing 160-200 grams, which were injected
intramuscularly with the drug "Nalbuphine" for 42 days. The number of platelets, prothrombin time, prothrombin
index, recalcification time, total fibrinogen, hemoglobin, hematocrit value were determined in the blood of experi-
mental animals.

The obtained data were tested for normality using the Shapiro-Wilk test. The non-parametric Kruskal-Wallis H
test for three or more independent groups was used to determine the significance of the difference between groups,
followed by post hoc analysis using Dunn's test. R v 4.0.3 and RStudio v 1.2.5042 software were used to perform
statistical calculations.

At the 6th week, there were changes in the "withdrawal + pentoxifylline" subgroup — the values of this subgroup
were as close as possible to the values of the corresponding indicators of the control group. The exception was the
indicator of total fibrinogen — it’s value was lower in the "cancellation" subgroup. For the "pentoxifylline + nalbu-
phine" subgroup, the biggest difference in indicators compared to the control group was relative to the values of the
indicators of the "cancellation" and "cancellation + pentoxifylline" subgroups, excluding platelets and blood hemato-
crit indicators — for these indicators, the value of the "pentoxifylline + nalbuphine" subgroup was close to the values

of the corresponding indicators of the "cancellation + pentoxifylline" subgroup.
Key words: coagulation hemostasis, blood oxygenation, Nalbuphine, rat.

Connection of the publication with planned re-
search works. The results of the article correspond
to the research plan of Danylo Halytsky Lviv National
Medical University and are part of the scientific
work of the Normal Anatomy Department and Op-
erative Surgery and Topographic Anatomy Department
«Morphofunctional features of organs in the pre — and
postnatal periods of ontogenesis, under the influence
of opioids, food additives, reconstructive surgery and
obesity» (state registration number 0120U002129).

Introduction. According to the European Monitoring
Center for Drugs and Drug Addiction, the number of
people in the European region who use drugs at least
once a year was about 275 million or about 5.6% of the
world’s population aged 15-64 [1, 2]. In the structure of
indicators of the prevalence of mental and behavioral
disorders, mental and behavioral disorders as a result
of the psychoactive drug use were in the first place
(dispensary and preventive supervision groups). This
is 41.7%, or 694,928 people, 1,631.6 per 100,000
population [1, 3].

In Ukraine, according to the latest biobehavioral
study, the estimated number of people who inject drugs
was 317 000 (in the controlled territory of Ukraine), of
whom opioid users alone — 200 661 people (63.3% of
the total), 38 674 people — consumers of stimulants
(12.2% of the total), 77 665 people practiced mixed
drugs use (24.5%) [3, 4, 5, 6, 7].

In recent years, in domestic and foreign literature
sources, there are more and more publications on

structural changes in the organs under the influence
of opioid drugs in an experimental studies [8, 9, 10, 11,
12, 13]. In particular, scientific professional publications
cover data on the pathology of the visual organ
structures, which relates to the iris — corneal angle [14,
15, 16,17, 18, 19].

There are still a number of questions concerning
the smoothness and depth of opioid angioretinopathy
manifestations with changes in blood rheology
(platelet count, prothrombin time, prothrombin index,
recalcification time of stabilized blood, total fibrinogen,
determination of hemoglobin, hematocrit) on different
terms of experimental opioid influence and their
relationship with the appearance and subsequent
progression of angioretinopathy. In particular, the
question of correlation of angioretinopathy with
rheological parameters of blood (platelet count,
prothrombin time, prothrombin index, recalcification
time of stabilized blood, total fibrinogen, hemoglobin
determination, hematocrit ) is still unclear on early
and late stages of correction of experimental opioid
angiorethinopathy.

Given the above, we believe that this study is
relevant both in terms of experimental morphology and
in terms of practical ophthalmology.

Purpose of the study is to establish indicators of co-
agulation hemostasis and the degree of blood oxygen-
ation in the early stages of opioid exposure during its
withdrawal with subsequent correction.
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Changes in the blood prothrombin index
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Figure 1 — Indicator of change in prothrombin index after correction
during 3rd, 4th, 5th and 6th weeks of opioid exposure.

Object and methods of research. The material of
the study were sexually mature, outbred male rats in
the quantity of 78 animals, weighing 160-200 g, age
4.5-6.5 months. Animals were injected intramuscularly
with nalbuphine once a day in the same time period
(10-11 am) for 42 days. The initial dose of nalbuphine
during the first two weeks (I-Il weeks) was 0.212 mg/
kg, the next 2 (lI-1V weeks) — 0.225 mg/kg, the next (IV-
VI weeks) — 0.252 mg/kg. Thus, conditions for chronic
opioid influnce were created [20].

Animals were divided into 5 groups: | group of
animals received nalbuphine for 42 days, followed by
material collection (end of 6th week of experimental
opioid exposure); Il — control group, which for 42 days
received injections of saline intramuscularly in the
same time period (10-11 am); lll group (2 weeks of
nalbuphine injection followed by its withdrawal during
4 weeks); IV group (2 weeks of nalbuphine injection
with the addition of pentoxifylline during 4 weeks); V
group (2 weeks of opioid injection with its withdrawal
followed by pentoxifylline administration for 4 weeks).
The correction was performed in the early stages
where the dose of pentoxifylline was 2.857 mg/kg. All
animals were kept in a vivarium and work on keeping,
care, labeling and all other manipulations were carried
out in compliance with the provisions of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
[Strasbourg, 1985], “General ethical principles of
experiments on animals”, approved by the First National
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Figure 3 — Indicator of changes in total fibrinogen after correction
during 3rd, 4th, 5th and 6th weeks of opioid exposure.

Changes in the blood recalcification time
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Figure 2 — Indicator of change in recalcification time during
correction during 3rd, 4th, 5th and 6th weeks of opioid exposure.

Congress of Bioethics [Kyiv, 2001]. The Commission
on Bioethics of Danylo Halytsky Lviv National Medical
University established that the conducted research
meets ethical requirements according to the order of
the Ministry of Health of Ukraine Ne 231 of 01.11.2000
(Protocol Ne 10 0f 26.12.2011). Blood sampling and study
of hematological parameters of blood (platelet count,
prothrombin time, prothrombin index, recalcification
time of stabilized blood, total fibrinogen, determination
of hemoglobin, hematocrit) were performed according
to conventional methods [21].

At the first stage of statistical analysis, all the results
of studies of blood parameters of animals were tested
for normalcy using the Shapiro — Wilk test. According
to the results of calculation of this criterion, as well as
taking into account the small sample size and discrete
nature of the data due to the peculiarities of laboratory
methods used to obtain these data, the median and
quartile in Me format were used for their presentation
[25%; 75%], where Me is the median (50th percentile),
25% is the first quartile (25th percentile), 75% is the
third quartile (75th percentile) [22]. In the tables it
was additionally indicated the minimum and maximum
values of the sample. Boxplots were used for graphical
representation, the central line of which indicated the
median, the boundaries of the box were quartiles,
the mustache was 1.5 range from the corresponding
quartile and the points were emissions (values outside
the 1.5 range) [23]. Also, a nonparametric Craskel-Wallis
test for three or more independent groups was used to
determine the significance of the difference between
the groups, followed by post-hawk analysis using the
Dunn’s test. In order to better interpret the obtained

Changes in the prothrombin time
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Figure 4 — Indicator of changes in prothrombin time during
correction during 3rd, 4th, 5th and 6th weeks of opioid exposure.
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Changes in hemoglobin
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Figure 5 — Indicator of hemoglobin change during correction during
3rd, 4th, 5th and 6th weeks of opioid exposure.

data and compare different indicators of animal blood
in the dynamics of the experiment, linear graphs of
decimal logarithms of the median values were used.

Software R v 4.0.3 and RStudio v 1.2.5042 were
used for statistical calculations and graphing [24,
25]. MSOffice Excel 2010 spreadsheets were used to
generate the final tables and store the data.

Research results and their discussion. Based
on the hematological examination of the blood of
the experimental group of rats in subchronic and
chronic periods of exposure to opioid analgesics with
subsequent correction with pentoxifylline, the following
indicators were established: prothrombin index level,
recalcification time, total fibrinogen, prothrombin time,
platelet count, hematocrit and hemoglobin level. As a
result of our correction in the period of 3rd, 4th, 5th and
6th weeks of opioid exposure, the blood prothrombin
index of rats of subgroups at 6th week was higher than
the control group and ranged within the value of the
prothrombin index of the general group at this time,
without statistically significant difference compared to
it. The minimum value of the prothrombin index was
in the subgroup «Withdrawal + pentoxifylline» — 92.00
[90.25; 92.75], thus approaching almost the value of the
control group — 84.25 [83.19; 86.10] (the difference is
not significant, p=0.23) (fig. 1).

The duration of recalcification time in all subgroups
of the 6th week of the experiment was lower than the
value of the control group and the value of this indicator
in the general group. Indicators of the subgroups
«pentoxifylline + nalbuphine» and «withdrawal»
were minimal and amounted to 18.00 [17.25; 18.75]
and 28.00 [27.00; 28.75], respectively, which was
significantly less than the control group and the general
group of 6 week. At the same time, the recalcification
time of the subgroup « withdrawal + pentoxifylline» was
close to the value of the general group and was 36.00
[36.00; 37.00] (fig. 2).

The total fibrinogen in the subgroups at the 6th week
of the study ranged between the control group and the
general group. The maximum in the subgroups was the
value of the subgroup «pentoxifylline + nalbuphine» —
2.37 [2.28; 2.55]. However, it did not reach the value of
the general group (fig. 3).

The prothrombin time of blood of rats in subgroups
at 6th week remained within the value of prothrombin
time of the general group and vary slightly from
13.41 [12.08; 14.34] in the group «pentoxifylline +
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Figure 6 — Indicator of platelet change during correction during 3rd,
4th, 5th and 6th weeks of opioid exposure.

nalbuphine» up to a maximum of 15.00 [14.00; 15.00]
in the subgroup « withdrawal + pentoxifylline». All
indicators in the subgroups were significantly lower
than the value of this indicator in the control group and
were not significantly different from the value in the
general group (fig. 4).

The value of hemoglobin in the subgroups
«withdrawal» and «pentoxifylline + nalbuphine» was
significantly less than the control group and close to
the level of the general group and was 130.50 [130.00;
131.00] and 111.59 [109.38; 122.66] respectively. At the
same time, the level of hemoglobin of the subgroup «
withdrawal + pentoxifylline» at this time of the study
was as close as possible to the value of the control group
and was 144.23 [138.28; 149.34] (fig. 5).

The number of blood platelets in the subgroups
« withdrawal + pentoxifylline» and «pentoxifylline +
nalbuphine» was close to that of the control group
and amounted to 158.00 [157.25; 158.75] and 159.50
[150.00; 164.00], respectively (control group 153.05
[142.91; 154.64], p=1). However, the number of
platelets in the subgroup «withdrawal» was 187.50
[180.00; 190.00], which was significantly higher than
the control group (p<0.001) and slightly higher than the
general group of the 6th week —178.00 [175.50; 178.00]
(p=0.56) (fig. 6).

The hematocrit value of rats in the subgroups «
withdrawal + pentoxifylline» and «pentoxifylline +
nalbuphine» was 38.00 [36.00; 38.00] and 38.00 [37.00;
38.00] respectively and was close to the indicator of
the control group — 42.07 [40.13; 43.75], and to the
indicator of the general group of the 6th week — 34.00
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Figure 7 — Indicator of hematocrit change during correction during
3rd, 4th, 5th and 6th weeks of opioid exposure.
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Figure 8 — Generalization of dynamics of changes of indicators at correction during 3rd, 4th, 5th

and 6th weeks of opioid influence.

[33.00; 34.00]. The value of blood hematocrit in rats of
the subgroup «withdrawal» at this time was minimal
among the subgroups being compared and was 27.50
[27.00; 28.75], which was significantly less than the
control group (p<0,001) (fig. 7).

In order to compare the changes in all blood
parameters of experimental animals in the dynamics, we
constructed a linear graph of the values of the decimal
logarithms of the median indicators (fig. 8).

Conclusions. More systematic at the 6th week were
changes in the subgroup « withdrawal + pentoxifylline»
— the values of the indicators of this subgroup in
most cases were as close as possible to the values

of the corresponding indicators
of the control group. The only
exception was the rate of total
blood fibrinogen — here the value
was slightly lower in the subgroup
«withdrawal». The subgroup
«pentoxifylline  +  nalbuphine»
was characterized by the biggest
difference in indicators compared
with the control group relative
to the values of the subgroups
«withdrawal» and « withdrawal +
pentoxifylline» excluding indicators
of platelets and blood hematocrit
— the value of these indicators in
the subgroup «pentoxifylline» +
nalbphine” was close to the value
of the corresponding indicators
of the subgroup « withdrawal +
pentoxifylline». Variation in the
values of indicators in the subgroup
«withdrawal» were not systemic. It should be noted that
in most cases, variation in the values of indicators in the
subgroups at the 6th week were not proven statistically,
so they can be interpreted only as tendentional, but not
proven by relevant criteria.

Prospects for further research. Our study of the
correction of indicators of coagulation hemostasis and
the degree of blood oxygenation is a basic morphological
substrate, whichin the future will provide an opportunity
to conduct and evaluate a similar correction in the
distant terms of opioid influence and compare the data
obtained regarding the corrective effect of these
indicators in dynamics.
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CTATUCTUYHA XAPAKTEPUCTUKA KOMMOHEHTIB KOATYNALINHOIO FrEMOCTA3Y TA OKCUTIEHALLIT KPOBI
LLYPIB NMPU EKCMEPUMEHTAZIbHOMY ONIOIAHOMY BM/UBI HA PAHHIX TEPMIHAX KOPEKLLIT

NanbroB €. B., MacHa 3. 3., YennaHosa I. B., ®ik B. b., PygHuybkKa X. |I., FO3uu O. B.

Pe3tome. Benurka KifbKiCTb 30BHILLIHIX TOKCUYHUX YUHHUKIB CNPUAE BUHUKHEHHIO MOPYLUIEHHA reMaTo/IoryHOro
Ta bioxiMmiyHOro cTaTycy opraHiamy. Bigomo, Lo BinbHOpPaAnKaibHE OKUCHEHHS Bifirpae BaXAMBY poab Y NiATPUMLL
TPAHCMOPTY ENEKTPOHIB Y AMXa/lbHOMY NlaHL03i, iIHAYKLT yTBOPEHHA NOP Y MITOXOHApPIaNbHIN membpaHi, saKi pery-
NIIOKOTb CNPAMKEHHA ANXAaHHA 3 OKUCHUM GOCHOPUNYBAHHAM | 1€XKUTb B OCHOBI OKMCHMUX NPOLLECIB Y MITOXOHAPIAX.
OKMCHI NpoLLecK 3a y4acTio aKTUBOBAHUX KMCHEBUX MeTaboiTiB Lie HeBiA EMHA YaCTMHA iCHYBAHHA BULLUX Gopm
*KMBUX OpraHiamis. BCTaHOBNEHO, L0 NPM eKCTPEeMaIbHUX BN/MBAX B OPraHiami akTUBYHOTbCA OKMCHO-BIAHOBHI Npo-
Lecu, AKi Be4yTb 0 YTBOPEHHA NiNO — i riAponepoKc1AiB, Nofasblue PO3KNALAAHHA AKUX CNIPUAE YTBOPEHHIO eHA0-
reHHOro KMCHI0, HeObXiAHOro ANnA KUTTEAIANbHOCTI. Cynepokcna € ogHUM i3 OCHOBHMX MPOOKCUMAAHTIB Y KNITUHI,
TOMY CYyNnepoKCUAAMCMYTA3a Bifirpae KAOYOBY POJb Y aHTUOKCUAAHTHOMY 3aXMCTi opraHiamy. ®PyHKuia KaTanasum
NONATAE Y PYMHYBAHHI TOKCMYHOTO NEPOKCUAY BOAHIO, AKUIM YTBOPHOETLCA B NPOLLECi PiI3HUX OKMCHUX peakLii B op-
raHiami. [laHi npouecu 6e3nocepesHbO BNIMBAOTb Ha MOKA3HUKM KOAryaaLiMHOro remocTasy Ta Ha CTyMiHb OKCU-
reHau,ii KpoBi, 3anycKatoum Kackaz 6ioxiMmiYHMX Ta reMaTo/IorYHMX 3pYLUEHD, WO BNANBAOTb HA PO3BMUTOK MAaTOMOp-
$OoNOriYHUX 3MiH Y NaHKax reMOMIKPOLIMPKYAATOPHOTO pycna Ta CNPUAIOTb NOPYLIEHHIO NMOKA3HMKIB HOPMabHOT
reMoanHamMiKku.

MeTa foCAigKeHH:A — BCTAHOBUTM NOKA3HWKKM KOArynsaLiMHOrO reMocTasy Ta CTYMeHA OKcUreHau,ii KpoBi Ha paH-
HiX TepMiHax onioigHOro BN/AMBY NpW MOro BigMiHi 3 NOAA/IbLLOK KOPEKL,iEt0.

Mpwn npoBeaeHi Haworo AgocnigKeHHa 6yno BMKOpuUcTaHO 78 6innx cTaTeBo3piinx 6e3nopoaHuX LLypiB-
camuis,macoto 160-200 rpam, akum BnpogoBX 42 ai6 npoBoanaM oM’ a30B0 iH eKuji npenapaty “ HanbydiH ”. Y
KPOBi €KCNepPUMEHTaNIbHUX TBAPMH Ha Pi3HMX TepMiHax OMioigHOro BM/AMBY BM3HAYa/M KiNbKiCTb TpoMbouuTis,
NpPoTPOMbiIHOBMIA Yac, NPOTPOMBIHOBUI iHAEKC, Yac peKanbumdiKalyii, 3aranbHUit GpibpuHoreH, remornobiH Ta re-
MaTOKPUTHY BEINYUHY.

OTpMMaHi gaHi NPOXoANAM NepeBipKYy Ha HOPMANbHICTb i3 BUKOPUCTAaHHAM KpuTepito Lanipo-Yinka. Ana su3sHa-
YeHHA AO0CTOBIPHOCTI Pi3HUL MiXK rpynamu Byno BUKOPUCTaHO HemapameTpuuHuin Kputepin H Kpackena-Yonnica
A7 TPbOX Ta BiNblue He3aneXHUX rpyn i3 NoganblMM NOCT-XOK aHai30M i3 BUKOPUCTAHHAM TecTy [aHa. [nsa npo-
BEeAeHHSA CTAaTUCTUYHUX 0BpaxyHKiB BUKOPUCTOBYBaAM NporpaMHe 3abesneyeHHA R v 4.0.3 ta RStudio v 1.2.5042.

Ha wocTomy TUKHI 3MiHM y Nigrpyni Kopekuia «BigMiHa + NEHTOKCUGINIH» — 33 3HAYEHHAM MOKa3HWKIB byaun
MaKCUMaibHO HabAMKEHUMM A0 3HAYEHb BiAMNOBIAHMX MOKA3HUKIB KOHTPOABHOI rpynu.

KntouoBi cnosa: KoarynsauinHUiM remocTtas, OKCUreHawis Kposi, HanbydiH, Lwyp.

STATISTICAL CHARACTERISTICS OF THE COMPONENTS OF COAGULATION HEMOSTASIS AND BLOOD
OXYGENATION OF RATS WITH EXPERIMENTAL OPIOID INFLUENCE ON THE EARLY STAGES OF CORRECTION.

Paltov Ye. V., Masna Z. Z., Chelpanova I. V., Fik V. B., Rudnytska Kh. I., Yuzuch O. V.

Abstract. A large number of external toxic factors contribute to the occurrence of a violation in hematological
and biochemical status of the body. It is known that free radical oxidation plays an important role in maintaining
the transport of electrons in the respiratory chain, inducing the formation of pores in the mitochondrial membrane,
which regulate the coupling of respiration with oxidative phosphorylation and is the basis of oxidative processes in
mitochondria. Oxidative processes involving activated oxygen metabolites are an integral part of the existence of
higher forms of living organisms. It has been established that under extreme influences in the body, redox processes
are activated, which lead to the formation of lipo — and hydroperoxides, the further decomposition of which
contributes to the formation of endogenous oxygen, necessary for life. Superoxide is one of the main pro-oxidants in
the cell, so superoxide dismutase plays a key role in the body’s antioxidant defense. The function of catalase consists
in the destruction of toxic hydrogen peroxide, which is formed in the process of various oxidative reactions in the
body. These processes directly affect the indicators of coagulation hemostasis and the degree of blood oxygenation,
triggering a cascade of biochemical and hematological changes that affect the development of pathomorphological
changes in the links of the hemomicrocirculatory channel and contribute to the violation of normal hemodynamic
indicators.

The purpose of the study is to establish indicators of coagulation hemostasis and the degree of blood oxygenation
in the early stages of opioid exposure during its withdrawal with subsequent correction.

When conducting our research, we used 78 white sexually mature outbred male rats, weighing 160-200 grams,
which were injected intramuscularly with the drug «Nalbuphine» for 42 days. The number of platelets, prothrombin
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time, prothrombin index, recalcification time, total fibrinogen, hemoglobin and hematocrit value were determined
in the blood of experimental animals at different times of opioid exposure.

The obtained data were tested for normality using the Shapiro-Wilk test. The non-parametric Kruskel-Wallis
H test for three or more independent groups was used to determine the significance of the difference between
groups, followed by post hoc analysis using Dunn’s test. R v 4.0.3 and RStudio v 1.2.5042 software were used to
perform statistical calculations.

During the sixth week, the changes in the correction subgroup «cancellation + pentoxifylline» — the values of the
indicators were as close as possible to the values of the corresponding indicators of the control group.

Key words: coagulation hemostasis, blood oxygenation, nalbuphine, rat.
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MORPHOMETRY OF THE CORONARY OSTIA IN WOMEN: AN ANGIOGRAPHIC STUDY
Danylo Halytsky Lviv National Medical University (Lviv, Ukraine)
Uljaska.p@gmail.com

Angiographic examination of the coronary arteries — coronary angiography allows for intravital evaluation of the
coronary arteries. Structural lesions of the coronary arteries are a prerequisite for developing coronary heart dis-
ease, the most common form of cardiovascular disease among women. The work aimed to carry out a morphometric
analysis of coronary artery valves in women in normal conditions and under coronary artery damage, with an assess-
ment of the relationship between age and anthropometric indicators. Angiographic images of the coronary arteries
of 56 normal women and those with structural lesions of the coronary arteries served as materials and methods.
Used methods: coronary angiography, mathematical and statistical calculations. In women with lesions of the coro-
nary arteries, the height of the left coronary artery ostia (4.78+1.16 mm) exceeded the height of the right coronary
artery ostia (3.94+0.98 mm) (p=0.003). Similar differences were found in women without lesions of the coronary
arteries, in particular, the height of the left coronary artery ostia was 5.96£0.91 mm, the height of the right coro-
nary artery ostia was 4.58+1.10 mm (p<0.0001). The height of the ostia of the left (p=0.0001) and right (p=0.027)
coronary arteries prevailed in healthy patients, compared to the group with coronary artery lesions. According to
the analysis of the combined effect of several factors on the height of the coronary artery valves, it was established
that with increasing age, height (r=-0.35, p=0.047) and body surface area (r=-0.37, p=0.035) decreased. Height was
directly correlated with body weight (r=+0.36, p=0.043). According to the results of the paired correlation, a direct
correlation of average strength between height and body weight (r=+0.49, p=0.014) and body surface area (r=+0.63,
p=0.001) was proved. Thus, with the help of the angiographic method of research, various relationships between the
height of the coronary artery ostia and the age-anthropometric parameters in women with coronary artery lesions
and under normal conditions were established.

Key words: coronary artery, aorta, coronary angiography, coronary heart disease, angiography.
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